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ABSTRACT 
A MULTI-SCALED HABITAT ANALYSIS OF LICHEN COMMUNITIES ON 
GRANITE ROCK IN THE HURON MOUNTAINS, MARQUETTE COUNTY, 
MICHIGAN  
By 
Ryne Douglas Rutherford 
Few studies have thoroughly investigated the influence of environmental factors 
in saxicolous lichen communities and the importance of scale awaits discovery.  This 
study examined three scales [micro (cm), meso (meters-10s of meters), macro (km)] in 
granite rock communities and compared species assemblages and disturbance regimes in 
Lake Superior shoreline and inland habitats.  Percent cover of lichens and environmental 
variables were measured in 1280 20 x 20-cm plots across 16 sites (8 lakeshore and 8 
inland).  At a macroscale, lakeshore and inland granite rock communities differed 
considerably in composition with 68-90% species turnover.  Adjacent lakeshore sites 
were more similar (F = 8.550; df = 1, 26; p = 0.007) to each other than they were to sites 
further away, while inland sites were not (F = 0.545; df = 1, 26; p = 0.467).  Variation in 
disturbance is likely more important in determining inter-site variation in inland areas.  
Mesoscale environmental variables such as solar radiation, height above Lake Superior, 
and an aspect/slope index were better predictors of species assemblages than microscale 
variables based on the measured environmental variables.  However, individual species 
differed greatly in their associations with specific habitat variables.  A host of micro 
niches were discovered, with some lichens specializing on rock overhangs, quartz veins, 
cracks, subtle variations in rock texture, and mafic and felsic types of granite. 
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INTRODUCTION 
 
 
The Importance of Scale 
Levin (1992) recognized that different ecological processes are likely to be 
important at different scales across all taxa and that their integration should be achieved 
in ecological studies.  For example, Reed et al. (1993) found that morphological factors 
(the physical structure of plants) were most important at the finest scale, plant-plant 
interactions were most important at medium scales, and environmental factors were the 
best determinants of plant assemblage at the broadest scale.  Although no studies have 
directly examined the importance of different scales in lichen communities, a study in 
Norway found that the effect of vegetation cover and maritime influence were more 
important as predictors of the lichen flora than fine scale physical microhabitat factors 
(Bjelland 2003), suggesting that broader scale variables may be more important 
predictors of lichen occurrence than fine scale variables.  However, it has also been 
suggested that the environmental forces that shape lichen communities act at very fine 
scales.  Dale and John (1999) found neighborhood diversity to be lower than expected 
compared to a null hypothesis of random distribution, indicating a segregation of species 
at the scale of an individual lichen thallus.   
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Important Habitat Variables in Lichen Communities 
The number of studies on saxicolous (rock-dwelling) lichen communities are 
limited because they are notoriously difficult to identify, and most studies that have been 
done have focused on only a few microhabitat variables.  Studies of saxicolous lichens 
have shown that altitude, slope, aspect, exposure, nutrient enrichment by birds, 
geochemical rock composition, snow cover and surface microtopography may affect the 
distribution of lichens in a community (Pentecost 1980, John & Dale 1990).  John (1990) 
found that lichens on a rockslide in Alberta were distributed nonrandomly; some 
preferred the upper slopes, others preferred lower slopes.  Additionally, some lichens 
were more common in the middle of the rockslide, while others were more common 
around the edges.  On siliceous rock in the Alaskan tundra, Link and Nash (1984) found 
that foliose lichens dominated the community on 0⁰ and 30⁰ slopes, while crustose 
species dominated vertical slopes; 60⁰ slopes had equal proportions of foliose and 
crustose species.  
Slope and aspect are two of the more well-studied environmental variables in 
saxicolous lichen communities.  The interaction of these variables directly influences 
moisture availability.  South-and west-facing aspects receive more solar energy and have 
higher evapotranspiration than north and east facing aspects (Stephenson 1990).  Slope 
gradient can accentuate the effects of aspect; for example, a 45° slope at mid latitudes is 
exposed to more direct rays than flatter slopes (Frank and Lee 1966); conversely, steep 
north and east slopes receive less radiation and are often shaded by obstructions (e.g. 
trees and rocks).  Slope by itself can also affect moisture availability (Parker 1982).  
Steep slopes are generally drier due to greater surface runoff, although shaded north 
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facing slopes (in north temperate and boreal latitudes) can be quite mesic and the lichens 
and mosses occurring there retain water, which perpetuates the mesic community.  
Umbilicaria species need steep mesic slopes due to the specialization of absorbing 
surface runoff (Larsen 1984).  The different microclimatic conditions found on different 
slopes and aspects allow niche separation on a seemingly homogenous substrate.  Flat 
slopes allow individual species of foliose and fruticose lichens to gain a competitive 
advantage (Link and Nash 1984).   
The previously discussed aspect and slope measurement pertain to an entire 
hillside, generally on a scale of meters to 10s of meters.  However, both slope and aspect 
can be measured on a finer scale because rocky hillsides rarely slope down evenly.  Small 
protrusions, depressions and complex rock forms allow the possibility for aspect and 
slope to differ greatly at finer scales.  Perhaps the finer scale measurements are able to 
detect microhabitats that go undetected by broader scale measurements.  The 
environmental conditions under small overhangs may differ greatly from those found just 
a few centimeters away.      
 
Disturbance in Bedrock Lakeshore 
Studies of shoreline lichens have found that species respond strongly to the 
different environmental conditions extending inland from the shoreline.  Armstrong 
(1974) found that some lichens became more abundant inland from the seashore while 
others became less abundant.  In many ways Lake Superior behaves like an ocean in 
terms of its effects on regional climate and creating disturbances.  A few of the effects of 
Lake Superior extend 10s of kilometers inland, such as increased snowfall, longer frost-
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free growing season and moderated temperatures, but most of the effects of Lake 
Superior decline drastically within a few kilometers of the lake (Simpson et al. 1990).  
Among these are factors that have direct relevance to lichens, such as moderated rock 
face temperature, strong winds, ice scouring and wave action-- all of which decline 
within several meters of the Lake.  These lake effects are known to structure vegetation 
communities along the Great Lakes and create unique assemblages and havens for near 
arctic and relict species (Albert 2007, Kost 2007).  
 Gilbert and Giavarini (2000) showed that in Britain, lichens formed four distinct 
zones along lakeshores that correspond to different levels of disturbance: the submerged 
zone, lower splash zone, upper splash zone and terrestrial zone (with slight effect from 
the lake).  A zonation pattern was also found in granitic bedrock lakeshore plant 
communities along Lake Superior (Albert 2007).  The wave-washed zone is the area 
closest to the lake and it is heavily influenced by winter ice and wave action. It has few 
lichens and no plants.  Above this high energy zone is an open-vegetated zone where 
moisture comes in the form of spray from the lake, and herbs and shrubs are restricted to 
cracks and depressions in the rock.  This zone is dominated by lichens and mosses.  
Above the open-vegetated zone, shrubs and trees start to dominate (Albert 2007).  The 
entire community typically extends around 30 m inland.  
 
Disturbance in Inland Bedrock Glades 
The previously discussed themes may represent equilibrium scenarios where 
lichens predictably sort themselves out along environmental gradients, either from 
lakeshore to inland or from xeric to mesic; however, saxicolous lichen communities are 
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not always highly predicable.  Bjelland (2003) found that environmental variables 
explained very little of the variation in his lichen community data, which may suggest 
that past disturbance and stochastic colonization events are important in determining 
species occurrence.    
In addition to the previously mentioned lakeshore disturbances, many other 
natural disturbances occur in granite bedrock glades.  Freeze thaw cycles result in the 
exfoliation of large slabs of granite, which fall away and allow new lichens to colonize 
the bare rock.  Fires from lighting strikes result in burning canopy trees, which directly 
influence lichen communities by dropping burning woody debris on lichen covered rocks 
(Alan Rebertus, personal communication).  Organic soil may also be burned directly 
which results in more bare rock exposure.  One particular burn described by Woodruff et 
al. (2003) on Isle Royale resulted after 3 years of drought and the fire burned for several 
weeks, resulting in the exposure of large expanses of bare rock where forest had 
previously existed.  The death of large canopy trees could indirectly impact lichen 
communities by causing increased solar radiation and secondary erosion around dead tree 
roots that can no longer hold soil (Inbar et al. 1998).  Fire is likely far more important in 
granitic bedrock glades than at granite bedrock lakeshore, where only the upland margin 
is likely to be affected by fire (Kost et al. 2007).  Logging may also have an impact on 
granite bedrock glades.  The presence of numerous stumps and roots from dead Pinus 
strobus (eastern white pine) with bare rock around them indicates areas that formerly 
contained soil.  In the heavily impacted sites, Quercus rubra (northern red oak) replaces 
P. strobus as the dominant tree, while P. strobus dominates the less disturbed sites.  
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Quercus rubra typically regenerates from sucker roots and can become abundant post 
logging (Johnson et al. 1989).  
In the absence of major disturbance events, lichen communities undergo 
successional changes over time (Hawksworth and Chater 1979, Hestmark 1997, Lawrey 
1981, Armstrong 1982, Woolhouse et al. 1985, Armstrong 1986).  However, many 
saxicolous lichen communities do not appear to reach an equilibrium state where 
immigration and extinction rates balance out over time, which has been suggested for 
island communities over a broad range of taxa (MacArthur and Wilson 1967).  Armesto 
and Contreras (1981) suggested saxicolous lichen communities are non-equilibrium 
systems where species slowly become established and extinction rates are extremely low 
in absence of disturbance.  The species assemblages found in lichen communities are the 
result of chance colonization and very little competitive exclusion (Armesto and 
Contreras 1981).   
Colonization is a very slow process in saxicolous lichen communities.  The spores 
of many species are dispersed by wind and a suitable substrate with the proper photobiont 
must be found for the lichen to become established.  Some lichens have vegetative 
structures (isidia and soredia) that break off and create new lichens.  Although 
colonization via vegetative reproduction is much quicker than reproduction by spores, 
both methods are slow and most crustose species only reproduce by the latter method 
(Brodo et al. 2001).  Due to the difficultly of colonization and the limited number of 
propagules, it would seem plausible that adjacent sites would be more similar in 
composition than sites farther apart.  
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Natural Setting 
The Michigamme Highlands ecoregion (Albert 1995), is dominated by igneous 
and metamorphic rocks and is located on the south coast of Lake Superior north and west 
of Marquette, MI (N 46.544909⁰ W 87.382856⁰).  The rocks in the region are among the 
oldest on the North American continent, formed at high pressure and temperature several 
kilometers below the earth’s surface during the Archean Eon (2.5-3.8 billion years ago).  
Many of them are exposed now due to several billion of years of weathering (Albert 
2007; Kost et al. 2007).  Based on the plant communities found on granite rock at the 
Lake Superior shoreline and inland, the Michigan Natural Feature Inventory designated 
these as different natural communities.  Lakeshore granite rock was designated as 
“Granitic Bedrock Lakeshore” and inland granite rock as “Granitic Bedrock Glade” (Kost 
et al. 2007).  The rocky outcrops on which the lichens occur are patchily distributed, 
discrete units, which are separated by unsuitable habitat.  The granite outcrops in the 
study area consist mainly of granitic rocks interspersed with mafic greenstone belts 
(Shawn Carlson, Northern Michigan University, September 2009).  
 A large band of the Michigamme Highlands follows the coast of Lake Superior 
and is known as the Huron Mountains.  No comprehensive study to date has been done 
on lichens in the Huron Mountains; however, Maneirre (1999) made a collection of 
lichens and mosses in the Huron Mountain Club (a private reserve located northwest of 
the study area) which is held in the herbarium at Northern Michigan University.  
Maneirre found 280 species of lichens, although rock dwelling crustose species were 
underrepresented and no granite exposures are present along the lakeshore in the Huron 
Mountain Club.   
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Goals and Hypotheses 
The goals of this study were (1) to use a multivariate ordination approach to 
establish if lakeshore and inland lichen communities have different species composition, 
(2) determine if adjacent sites are more similar to each other than more distant sites, (3)   
examine which physical and biotic variables are important in structuring lichen 
communities, (4) address whether micro- or mesoscale factors are more important in 
structuring communities, and (5) to use new techniques in non-parametric regression to 
model the relationship between the abundance of individual species and environmental 
variables. 
The hypotheses of this study are: (1) species composition of lichen communities 
will differ between granite bedrock lakeshore and granite bedrock glades; (2) neighboring 
sites (both inland and lakeshore) will be more similar in species composition than sites 
farther apart; (3) mesoscale habitat variables will be more important than microscale 
variables in predicting species assemblages of saxicolous lichens, and (4) the abundance 
of individual species can be predicted by the same variables that structure entire 
communities. 
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METHODS 
 
 
Sixteen total sites (8 lakeshore and 8 inland) were surveyed for lichens during the 
summer and fall of 2009 (figure 1).  Inland sites are defined by Michigan Natural 
Features Inventory as granitic bedrock glades and lakeshore sites are defined as granitic 
bedrock lakeshore (Kost 2007).  Sites were chosen based on the amount of exposed 
bedrock (enough for four transects 20 m in length with no overlap) and a representation 
of all the required aspects (north, south, east and west).  Sites were fairly uniform with 
respect to structure and vegetation; however, the dominant vegetation differed at inland 
sites.  Four sites were dominated by Q. rubra and 4 sites were dominated by P. strobus, 
which probably reflects variation in past disturbance regimes.  At each site, 20 x 20 cm 
plots were placed every 1 m along each 20-m transect.  Twenty plots were sampled per 
transect and 80 plots were sampled per site.  In all, 1280 plots were sampled.  Transects 
were positioned along the cardinal directions (north, south, east and west).  At each plot 
the % abundance of each species of lichen growing on rock was recorded.  Lichens that 
were growing directly on moss or soil were not counted.   Numerous habitat variables 
were recorded at each plot; other variables were relevant to the whole transect or site 
(tables 1 and 2).  Twelve habitat variables were classified as microscale (cm’s) and 8 
variables were mesoscale (1s-10s of meters) (Table 1).  The main macrohabitat variable 
was lakeshore vs. inland (1s to 10s of kilometers).  I was also interested in compositional 
similarity as a function of distance (km) among sites within lakeshore and inland habitats.  
Table 2 defines all the environmental variables collected. 
10 
 
  One inland site (Big Blue) and one lakeshore site (Wetmore North) that were in 
close proximity to one another (1 km) were used to determine the temperature regimes of 
inland and lakeshore sites.  Temperatures were recorded 16 times during the day between 
July and November 2010.  Six sampling stations were set up along each of the four 
aspects (N, S, E, W) at Big Blue and Wetmore North and a total of 24 sampling stations 
were at each site. The temperatures were recorded at approximately the same time (within 
30 minutes) at the two sites every time they were visited.  The order in which the 
readings were taken was reversed on alternate visits to avoid any temporal bias. 
Lichens were identified to species in the field with the help of Lichens of North 
America by Brodo et al. (2001) and a 10x hand lens.  Potassium hydroxide 10% (K) and 
sodium hypochlorite (C) tests were conducted in the field when necessary.  Unknown 
specimens were brought to the lab where para-phenylenediamine (PD) tests were 
performed if necessary, and microscope analysis was conducted on sectioned apothecia.  
Lichens were keyed out using Lichens of Minnesota by Clifford Wetmore (1981A), 
Lichens of the Straits Region by Richard Harris (1977) and Lichens of North America by 
Brodo et al. (2001).  Unknowns were also compared with Manierre’s collection, “Lichens 
and Mosses of the Huron Mountains” housed in the Northern Michigan University 
Herbarium.  Some particularly difficult specimens were identified by Irwin Brodo at the 
2008 Tuckerman Lichen Workshop at Bruce Peninsula National Park, Ontario (Canada).   
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Data Analysis 
Detrended Correspondence Analysis (DCA) was used to examine the main 
gradients in saxicolous lichen communities and to view the separation between lakeshore 
and inland sites (Hill and Gauch 1980).  Rare species were downweighted and the scaling 
was min to max.  Although DCA suffers from potential mathematical artifacts associated 
with the arbitrary detrending of the second axis, it nevertheless has been shown to be very 
effective in recovering patterns from very noisy community data (Peet et al. 1988).  DCA 
was applied to two data sets: first, with each plot considered as an observation; and 
second, with data pooled within sites.  In the latter, average cover values (n = 80 plots) 
for each species within a site were entered into the matrix and each site was considered 
an observation.  Canonical Correspondence Analysis (CCA) was used to analyze 
community patterns for the 80 plots within individual sites (Palmer 1993).  Data for four 
representative sites were included in the Results; the rest can be found in the Appendix.  
CCA was also applied to all plots within lakeshore n = 640 and inland n = 640 sites, 
which were analyzed separately.  Monte Carlo randomization tests were conducted to 
determine the statistical strength of the first axis in each analysis.  Eigenvalues and the 
percent variation explained were also recorded for each analysis.  Both CCA and DCA 
were conducted using PC-ORD 5.10 (McCune and Mefford 2006). 
To better understand how dispersal and chance influences lichen communities I 
calculated a Percent Similarity Index (PSI) to capture the amount of compositional 
overlap between sites (Krebs 1989).  Simple Linear regression in Microsoft Excel 2007 
was used to determine the relationship between PSI and distance between sites for both 
inland and lakeshore.  I was also interested in whether there were differences in mean 
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cover in inland sites with evidence of major anthropogenic disturbance (i. e. old sawed 
stumps and red oak dominance) and sites which were minimally disturbed (no sawed 
stumps and white pine dominance).  A 1-tailed independent sample t-test was conducted 
to determine if the mean lichen cover was greater in undisturbed (pine dominated) 
compared to disturbed (oak dominated) inland sites. 
Nonparametric multiplicative regression (NPMR) was performed in HyperNiche 
2.0 to model individual species responses to multiple interacting environmental factors 
(McCune and Mefford 2009).  NPMR models the interaction between predictors by 
multiplying them together creating a non-linear response which more closely resembles 
natural responses.  Most other regression techniques cannot effectively deal with the non-
linear responses of species along environmental gradients (McCune 2006).   
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RESULTS 
 
 
Macro-scale Comparison I:  Shoreline vs. Inland 
Despite being in close proximity, shoreline and inland lichen communities on 
granite rock differed considerably.  Of the 90 species found in this study species richness 
was higher in lakeshore sites compared to inland (70 vs. 59; 1st order jackknife estimate 
81 vs. 72) and the average (± STD) of species per sites was about 35% higher for 
lakeshore sites (39.4 ± 4.2 vs. 29.1 ±6.8) (table 3).  DCA analysis of sites showed strong 
separation of shoreline and inland sites, with approximately 1-2 standard deviations (68-
90%) turnover in species composition along the first axis (Figure 3a).  The same analysis, 
only with plots as the sampling unit, indicates that most of the compositional differences 
reflect unique lichens occurring in the lower and upper splash zones (figures 3b).  Thirty 
of the 71 lakeshore taxa (42%) were unique to the shoreline communities, including all 
the species in the lower (0-2 m above the lake) and most species in the upper splash 
zones (2.1-4.5 m) (table 4).  On the ordination diagram, plots above the splash zones (i.e. 
terrestrial zone) are intermixed with those from inland sites, indicating their compositions 
were similar; however, several splash zone species would occasionally occur in the 
terrestrial zone (table 5).  Eighteen of the 59 taxa from inland granitic glades were unique 
to this habitat.  In particular, shaded mesic slopes shared no species in common with 
granite lakeshore (Figure 3b).  Besides the compositional differences, inland sites had 
47% more lichen cover (73.3 ± 19.3%) than lakeshore sites (49.9 ± 33.1 %). 
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 Average daytime temperature (± standard deviation) during this study was about 
4 ⁰C higher at the monitored inland site, Big Blue (21.3 ± 7.2 ⁰C), compared to the 
adjacent lakeshore site, Wetmore North (17.6 ± 5.5⁰C).   
 
Macro-scale Comparison II: Variation between Sites within Inland and Lakeshore 
The mean percent similarity indexes (PSI), calculated using all pair-wise 
combinations of sites for inland and lakeshore were very similar (57.3 ±8.1 and 59.2 
±7.5, respectively).  I tested two hypotheses that may help explain compositional 
differences among sites.  First I examined whether % similarity in species abundances 
between sites was correlated with physical distance between them.  Second, I examined 
whether % similarity between inland sites was associated with the presence or absence of 
past fire and logging disturbance. 
PSI showed no relationship with distance between inland sites (F = 0.545; df = 1, 
26; p = 0.467); however PSI decreased significantly with distance between lakeshore 
sites (F = 8.550; df = 1, 26; p = 0.007) (Figures 4a-b).  I recorded disturbance history for 
the 8 inland sites: 4 had evidence of c. 1900 fire and past logging (charred stumps, 
invasion by scrubby Quercus rubra); the other 4 had mature white pine and no evidence 
of past logging and little evidence of fire.  The pine dominated sites were found to be 
significantly more similar to each other (PSI = 67.5 ± 4.8%) than they were to oak 
dominated sites (PSI = 55.1 ± 6.3%) (t = -4.208, df = 20; p<0.001).  Also, the undisturbed 
sites had significantly higher mean lichen cover (80.2 ± 7.2%) than disturbed sites (66.2 
± 3.5%), (t = 3.511, df = 6; p = 0.013).  Rhizocarpon grande, which is known to be a late 
successional species, was significantly more frequent (57.5 ± 1.0%) in undisturbed sites 
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than in disturbed sites 45.5 ± 8.2%, (t = 3.024, df = 6; p = 0.023).  Although the average 
abundance was not significantly different (t = 2.2115, df = 6; p = 0.079), undisturbed 
sites had a higher average abundance (10.3 ± 2.6%) than in disturbed sites (5.5 ± 3.6%), a 
larger sample size would have likely resulted in a significant test.  Conversely,  
Rhizocarpon lecanorinum was frequently seen invading patches of bare rock and was 
found to be significantly more abundant in the disturbed habitats (3.5 ± 1.62%) than in 
the undisturbed habitats (0.95 ± 0.64 %) (t = -0.2914, df = 6; p = 0.027).  Overall species 
richness was slightly higher in the undisturbed sites (32 ± 9.5) than in the disturbed sites 
(27 ± 4.1). 
 
Meso and Micro-Scale Variation in Lichen Composition: Inland Sites 
 CCA was used to determine the importance of meso and microhabitat variables 
in inland and lakeshore sites (table 6, figures 5a and 5b).  When all the plots are pooled 
for inland sites, the most important variables were (1) aspect/slope index and (2) diffuse 
sunlight (figure 5a).  The aspect /slope index is lowest (most xeric) for steep, southwest-
facing slopes and highest for steep (shaded), northeast-facing slopes.  The average day 
temperatures during the study period recorded along each aspect at a representative 
inland site (Big Blue) were found to differ:  south (21.87 ± 7.00 ⁰C) and west (22.86 ± 
7.83 ⁰C) aspects were the warmest, the east aspect was intermediate (20.92 ± 6.35 ⁰C) 
and the north aspect was coolest (19.64 ± 7.43 ⁰C).  The temperature data for the 
representative lakeshore site revealed that aspect specific temperatures were not as 
variable as the inland site; south = 18.61 ± 5.64 ⁰C, east = 18.12 ± 5.77 ⁰C, north = 17.22 
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± 6.63 ⁰C and west = 16.33 ± 4.95 ⁰C.  The lower temperatures on the west aspect are 
likely due to shading from the rocks. 
CCA was also done for each site individually, which seemed to remove some of 
the inter-site variation and revealed higher eigenvalues for the full suite of physiographic 
variables influencing lichen composition within sites.  Two representative sites are shown 
in figure 6.  The trends observed at each of these sites differed.  At Echo Lake, aspect 
was the most important variable along the first axis.  The aspect vector in the ordination 
diagram points in the direction of species that are most common on north and east facing 
aspects, such as Umbilicaria muehlenbergii, Lasalia papulosa, Melanelia disjuncta and 
Umbilicaria deusta.  Species opposite the vector were characteristic of south and west 
slopes including Melanelia soridiata, Lecidea atrobrunnea and Rhizoplaca 
subdescrepens.  Lecidea atrobrunnea, Lecanora polytropa and Rhizocarpon obscruatum 
among others were characteristic of steep slopes, while Xanthoparmelia somloënsis, 
Cladonia squamosa and Cladina mitis favored flatter areas.  On Hogback Mountain 
Dimelaena oreina, Candeleriella vitellata, Rhizocarpon subdescrepens, Steorocaulon 
saxatile and others were found in areas of direct sunlight and low aspect/slope index 
(xeric conditions), while Cladina mitis, Cladonia chlorophaea, Umbilicaria mammulata, 
Melanelia hepatizon, Arctoparmelia centrifuga and others were found in the opposite 
conditions (not in direct sunlight, high aspect/slope index).   
These results generally agree with the species preferences found for all sites.  
Despite this overall trend, some exceptions did occur: Cladonia squamosa and Cladina 
mitis were characteristic of flat slopes at Echo Lake and Melanelia hepatizon was a good 
indictor of high aspect/slope index at Hogback, but these species were not important 
17 
 
indicators when all sites were included in the analysis.  Table 5 summarizes the lichens 
associated with xeric and mesic aspect/slope index on inland sites.  The most 
characteristic lichens on xeric, highly exposed slopes on inland sites included: 
Rhizocarpon grande, Rhizocarpon lecanorinum, Rhizoplaca subdiscrepans, 
Candelariella vitellata, Dimelaena oriena, Diploschites scruposus and others.  Mesic 
slopes were characterized by Umbilicaria deusta, Umbilicaria muehlenbergii, Lasallia 
papulosa, Arctoparmelia centrifuga, Rhizocarpon obscruatum, Cladonia squamosa and 
others.    
Meso and Micro-Scale Variation in Lichen Composition: Lakeshore sites 
The most important variables in lakeshore sites as determined from CCA were (1) 
height above lake, (2) smoothness and (3) direct solar radiation (figure 5b).  Height above 
lake was used to group species into three zones (lower splash zone, upper splash zone, 
terrestrial zone) based on relative abundance and frequency of occurrence (table 4).  At 
one representative lakeshore site, Wetmore North; average rock face temperatures 
followed a predictable shoreline gradient: lower splash zone 16.31 ± 5.03 ⁰C, upper 
splash zone 18.11 ± 5.76 ⁰C and terrestrial zone 18.34 ± 5.57 ⁰C.   
The lower splash zone was largely devoid of lichen and averaged only 17.5 ± 
23.8% lichen coverage, while the upper splash zone averaged 56.7 ± 30.4% and the 
terrestrial zone averaged 71.5 ± 22.9%.  Staurothele fissa, Lecidea tessalata and 
Pyrenopsis polycocca among others characterized the lower splash zone (table 4).  
Rhizocarpon disporum, Rhizocarpon geographicum, Phaeophyscia sciastra, Rhizoplaca 
chrysoleuca, Lecidella stigmatea and Lecanora argopholis and others were characteristic 
of the upper splash zone.  The terrestrial zone was characterized by Xanthoparmelia 
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somloënsis, Lepraria neglecta, Umbilicaria deusta, Acarospora fuscata and Umbilicaria 
muehlenbergii among other lichens.   
CCA was also used for each site individually and more variation in the data was 
explained at the site level (higher eigenvalues).  Two representative lakeshore sites are 
shown in figure 7.  Sites varied with respect to the most important variables; however, 
height above lake was important at every site.  At Wetmore North, Umbilicaria 
muehlenbergii and Parmelia saxatalis were most strongly associated with height above 
lake, while Dermatocarpon miniatum, Dermatocarpon luridum, Staurothele fissa and 
Pyrenopsis polycocca were directly opposite the vector, reflecting their preferences for 
shoreline.  Little Presque was similar with Staurothele fissa, Dermatocarpon luridum and 
Pyrenopsis polycocca found near the shoreline and Parmelia saxatalis, Parmelia sulcata, 
Lepraria neglecta and Melanelia disjuncta found higher up.   
Despite the similarities between the sites, other variables were important at one 
site and not the other.  Microaspect was important at Wetmore North, with Cladonia 
squamosa and Melanelia infumata strongly associated with north facing microaspects and 
Rhizocarpon lecanorinum, Physcia phaea, Lecidea atrobrunnea and Stereocaulon 
saxatile strongly associated with south facing microaspects.  At Little Presque Isle, 
micro-slope was an important variable for Leproloma membranaceum and Ramalina 
intermedia, which were strongly associated with high microslopes. These species were 
found under small rock overhangs, an association not detected with the mesoscale slope 
measurement.  
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Meso and Micro-scale Variation: Individual Species Responses 
The results of nonparametric multiplicative regression in HyperNiche suggest that 
the abundance of most individual lichen species can be predicted by the same 
physiographic variables identified at the community level; however, some lichens 
revealed a more unique suite of predictors that were not captured at the community level.  
The most important single predictors for lakeshore species were, in order (1) height 
above lake, (2) aspect/slope index, (3) rock smoothness, and (4) direct sunlight.  
Response curves for representative inland species can be seen in figure 8.   The most 
important predictors for most inland species were, in order: (1) aspect/slope index, (2) 
direct sunlight, (3) micro-slope, and (4) rock smoothness.  Response curves for 
representative lakeshore species can be seen in figure 9.  All species response models for 
inland and lakeshore are presented in tables 7 and 8 respectively. 
Micro-slope was an important variable for some species at inland sites but was 
not important in structuring communities.  I frequently observed flat slopes that were 
dominated by Xanthoparmelia somloënsis, while adjacent steeper slopes were dominated 
by Umbilicaria deusta.  North-facing steep slopes between 70-90⁰ were often dominated 
by Umbilicaria muehlenbergii with just a few other lichens, such as Lasalia papulosa.  A 
few species specialized under rock overhangs and on vertical slopes.  Chrysothrix 
candelaris was found only on microslopes >103⁰ (mean = 116⁰ ± 18.4, n = 2), while 
Ramalina intermedia was only found on microslopes >85⁰ (mean = 102⁰ ± 33.1, n = 4) 
and Leproloma membranaceum was only found on microslopes >75⁰ (mean = 106⁰ ± 
44.5, n = 2).  
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Among the variables that were of minimal importance at the community level but 
were important for certain species are several rock characteristics: smoothness, type, 
crack presence and crystal size.  Fine-grained rock with small crystal sizes (aphanitic) 
was favored by Canderiella vitellata and Lecanora polytropa.  The only lichen to favor 
pegmatitic (rock with large crystals) rock was Dimelaena oriena, which was often seen 
growing on quartz veins on the rock where no other lichens were found.  Some species, 
such as Rhizocarpon grande, Melanelia disjuncta, and Asplicilia cinerea strongly favored 
felsic rock, while Acarospora sp. no.1 and Stereocaulon saxatalis showed a strong 
preference for mafic rock.  These preferences held up even when the two rock types were 
within a few millimeters of each other.  Cladonia squamosa and Lecanora polytropa 
were often found where there were small cracks in the rock (table 8).    
          Moss and cyanobacteria cover was found to be somewhat important for a few 
species.  Numerous lichens were observed growing directly on moss covered rock 
(Peltigera spp., Cladina spp., Cladonia spp., Cetralia spp., Biatora vernalis, Collema 
spp., Leptogium spp., and many others); however, these lichens cannot be considered 
saxicolous and were not part of this study.  Plots that contained small amounts of moss 
often had a distinct assemblage of lichens growing on the adjacent rock.  For example, 
Cladonia squamosa and Lepraria neglecta were the most conspicuous.  Cyanobacteria 
(Gleocapsa spp.) reached its greatest abundance at the water level and was a good 
predictor of Staurothele fissa in the lower splash zone.   
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DISCUSSION 
 
 
Macro-scale Comparsion I:  Shoreline vs Inland 
In support of my first hypothesis, saxicolous lichen communities in lakeshore and 
inland habitats were very distinct (see figures 3a and b).  The lakeshore habitat was 
slightly more diverse and contained more species that were specific to that particular 
habitat than inland areas. Two species in my study Staurothele fissa and Pyrenopsis 
polycocca are known to be restricted to rocky shoreline (Brodo et al. 2001).  Of the 30 
species that were restricted to the shoreline community in my study, some were 
extremely rare inland but not detected in my samples.  One species on the lakeshore list, 
Leproloma membranaceum, was clearly a sampling artifact, because it was actually more 
common on shaded rocks further inland, but was not detected in any plots.  
Dermatocarpon luridum is readily observed on exposed rocky shorelines along small 
streams and lakes but is restricted to cracks in the lower splash zone along Lake Superior. 
The distribution of many species along the lakeshore can be explained by the 
microclimate.  The cooler temperatures near the lake supported several species that are 
more characteristic on tundra rocks in arctic-alpine regions, such as Umbilicaria 
hyperborea, Collema undulatum and Lecidea atrobrunnea (Brodo et al. 2001).  
Rhizocarpon geographicum is an arctic-boreal species which was almost entirely 
restricted to granite bedrock lakeshore.  Manierre (1999) found Solorina spongiosa, an 
arctic disjunct, near the Lake Superior shoreline in the nearby Huron Mountain Club.  
The range maps of Brodo et al. (2001) illustrate that Lake Superior is an offshoot of the 
arctic and boreal lichen floristic realms.  The occurrence of arctic disjunct and boreal 
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species along Lake Superior is also well known among plants (Kost et al. 2007).  Lichens 
that are characteristic of these northern realms may be physiologically able to survive 
near Lake Superior because of the low actual evapotransporation (AET) that presumably 
occurs there (Stephenson 1998).  
Inland areas generally contained fewer boreal lichens, but north facing aspects 
were an exception and contained several boreal lichens: Arctoparmelia centrifuga, 
Melanelia hepatizon, Melanelia soridiata and Platismatia gluaca were all restricted to 
north facing aspects.  Arctoparmelia centrifuga was found to be the dominant lichen on 
the north side of two inland sites: Hogback Mountain and Harkin Lake glade.  Maneirre 
(1999) reported another arctic disjunct species, Caloplaca invadens, on a northwest 
facing exposure on a granite bedrock glade.  The nearest locality for this species is nearly 
2000 km northwest of the Huron Mountains!  The presence of C. invadens and other 
arctic disjunct lichens may support the anisotropic long-distance dispersal (LDD) 
hypothesis, which predicts that floristic similarities are related to wind direction (Muñoz 
et al. 2004). 
Other areas of inland rock contained many wide ranging generalist species (e.g. 
Asplicilia cinerea) and species characteristic of temperate areas (e.g. Dimelaena oreina, 
Rhizocarpon lecanorinum).  However, another arctic-alpine disjunct, Umbilicaria 
virginis, was restricted to southwest aspects on the Harkin Lake glade, which seems 
unusual since most species found on xeric south and west facing areas were pan-
temperate species and few lichens on xeric aspects have a northern affiliation.   
Lakeshore and inland granitic exposures were found to be distinct lichen habitats, 
but can also be thought of as a continuum in which the terrestrial zone of granite bedrock 
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lakeshore grade into granite bedrock glades (see tables 4 and 5).  In addition to the great 
differences between lakeshore and inland habitats, sites within those areas also varied 
between each other (see figures 6 and 7 and appendix B). 
 
Macro-scale Comparison II: Variation between Sites within Inland and Lakeshore 
In partial support of Hypothesis 2, adjacent sites along the lakeshore were more 
similar than those farther apart, which suggests that dispersal may be an important factor 
in determining which species will be present and absent at any particular location (see 
figure 4b).  Wind is probably the most important agent for lichen dispersal and the 
isolation of some sites may hinder suitable lichen species from becoming established. 
However, at the scale of several kilometers, dispersal may be most limited for species 
with short distance dispersal, such as Umbilicaria spp., which are present at some sites 
and absent at others. 
In contrast, I did not find any consistent relationship between community 
similarity and distance between inland sites (see figure 4a).  Interestingly, Armesto and 
Contreras (1981) did not find any distance-similarity relationship for lichen covered 
boulders in Chile.  Despite the lack of a distance effect on inland sites, the species 
composition of inland sites varied greatly.  It is very likely that disturbance history played 
some role.  Four of the inland sites were logged for Pinus strobus and show signs of 
secondary erosion and fire and are now dominated by stunted Quercus rubra.  Large 
patches of near barren rock are often present at these sites and localized disturbance may 
have caused a setback in lichen succession, which could result in a different assemblage 
of species (Woolhouse et al. 1985).  One site in particular, Blemhuber, had much more 
24 
 
bare rock, and lichens had apparently colonized the bare areas recently from adjacent 
source patches that were less disturbed.  The pine dominated sites, which had 
significantly higher lichen cover, had no evidence of recent disturbance.  Woolhouse et 
al. (1985) suggested that saxicolous lichen communities have different lichen 
assemblages at different stages of succession and one species in particular, Rhizocarpon 
grande, reaches its highest abundance in late successional habitat.  The significantly 
higher frequency of Rhizocarpon grande in the 4 undisturbed sites in my study is also an 
indication that these sites represent something closer to a climax community.  In this 
study, the different amounts of disturbance could result in a wide variety of assemblages 
in the disturbed sites and indeed the disturbed sites were not found to be more similar to 
each other than they were to other sites.  The resulting loss of large trees and secondary 
erosion in areas that formerly had soil results in large areas of open rock which are free to 
be colonized by lichens.  All inland sites showed some evidence of past fire and 
colonization after fire is largely dependent on which propagules land there (Armesto and 
Contreras 1981).  Presumably, fire would destroy short woody vegetation (Quercus rubra 
and Amalenchier spp.) and perhaps promote the growth of sun loving lichens, but 
downed trees from fires may cause localized shade by dropping onto barren rock and 
result in a concentration of organic matter in the community, which could tip succession 
towards bryophytes and vascular plants.  The previously described disturbance events 
would have been more prevalent at some sites than at others, and even within sites the 
amount of disturbance was never homogenous.  It has been suggested that past 
disturbance may account for much of the variation in lichen dominated communities 
(Link and Nash 1984, Bjelland 2003).  
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          In addition to the variation in disturbance on a spatial and temporal scale, sites also 
varied in physical structure, which would cause variation in species assemblages between 
sites.  The physical structure of the rock provided habitats for lichens that were present at 
some sites and not others.  Rock overhang communities were present at Little Presque 
and Pine Elfin and contained a unique assemblage of species which were mostly leprose 
(covered in powdery soredia) in form (e.g. Chrysothrix candelaris, Lepraria lobificans.   
Other features found at some sites and not others were large quartz veins, large amounts 
of mafic rock, vertical slopes on different aspects and complex rock formations.  All 
these features likely had an influence on which variables were most important at the site 
level. 
 
Meso and Micro-Scale Variation in Lichen Composition 
In support of Hypothesis 3, CCA confirmed that mesoscale variables were most 
strongly associated with community patterns within sites, especially aspect/slope index, 
height above lake (for lakeshore sites), and solar radiation (see figures 5a and 5b).  
Likewise, Link and Nash (1984) and John (1990) found slope and aspect measured at the 
mesoscale (meters-10’s of meters) to be very important in determining where lichens 
occur on rock.  Slope and aspect have been shown to be among the most important 
habitat variables in lichen communities, but my CCA for inland sites found that an index 
including both was a better predictor of lichen flora than either one individually (see 
figure 5a).  The most distinct habitat revealed by aspect/slope index was the north- 
facing, mesic shaded area of inland sites which often contained large foliose and 
umbilicate species that require shady protected areas.  The effects of aspect and slope 
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were less pronounced on the lakeshore where the water moderates the temperature on all 
sides. 
Within lakeshore sites, the height above lake level created a strong compositional 
gradient.   Gilbert and Giavarinni (2000) found that lichens form distinct zones along 
British lakeshores.  A similar pattern exists along the Lake Superior shoreline, although 
the submerged zone found in British Isle Lakes by Gilbert and Giavarinni (2000) was 
almost exclusively composed of cyanobacteria (Gleocapsa spp.).  Lichens segregated out 
into three zones, but the boundaries tended to be gradual.  The zonation pattern in my 
study extended 4-8 m above the lake (higher on the north and east sides, which had more 
lake exposure), much higher than the 0.3 m to 1.8 m zonation sequence found by Gilbert 
and Giavarini (2000) in British Isle lakes, which reflects the enormous size of the Lake 
Superior.  
Wave disturbance and ice-scouring and encrustation may play important roles in 
structuring lakeshore lichen communities.  It is likely that these disturbances account for 
the lower cover along the lakeshore (49.9%) compared to inland sites (73.3%), and the 
lack of macrolichens near the shoreline.  It is possible that these disturbances contribute 
to the higher diversity found in lakeshore sites by providing more opportunities for new 
lichens to colonize bare areas, as has been observed for communities of other sedentary 
organisms (e.g. corals, Connell 1978); however, lichen communities may not be as space-
limited.  Wave action and perhaps ice-scouring has been shown to play a strong role in 
promoting diversity of shoreline plant communities (Keddy 1983).  The best evidence for 
ice scour may be the absence of Dermatocarpon luridum on the more exposed rock along 
the lakeshore where this species is restricted to small concavities (see figure 9).  D. 
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luridum is often seen along highly exposed areas of rocky shoreline along smaller lakes 
and streams, which do not have strong ice scouring affects. 
 In addition to the constant waves and ice scouring effects along the lakeshore, 
nutrient inputs of N and P, which are at higher concentrations in the water than on the 
rock may allow the establishment of certain lichens that need more of these nutrients (e.g.  
Xanthoria elegans) (Brodo et al. 2001).  Xanthoria elegans was found to be scarce at 
Voyageurs National Park in Minnesota due to a lack of wave splash and may be nutrient 
limited in that location (Wetmore 1981B).   
Finally, the amount of solar radiation was found to be an important variable 
structuring lichen communities for both lakeshore and inland areas.  Bjelland (2003) 
found that lichen species differ in the amount of solar radiation that they require 
suggesting that light is an important variable in saxicolous lichen communities.  In my 
study area, high and low solar radiation generally formed a patchwork of sun-loving and 
shade-loving lichens, although solar radiation was generally highest near the lakeshore 
and on south-facing slopes.  Lichens exposed to high radiation often contain usnic acid, 
which makes them resistant to ultraviolet light (Rundel 1969).   Xanthoparmelia spp. and 
Rhizoplaca spp., which both contain usnic acid, were much more abundant in areas of 
high solar radiation in my study (see table 5 and figures 5a, 5b, 8 and 9). 
Despite the importance of aspect, slope, height above lake, and solar radiation in 
predicting lichen community composition, it is important to note that 80-85% of the 
variation in species composition between and within sites was unexplained in the CCA 
analysis.  Likewise, Bjelland (2003) found that roughly 90% of the variation in species 
composition was unexplained in a CCA analysis of saxicolous lichen communities.  
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Bjelland (2003) attributed this uncertainty to stochastic variation, disturbance history, 
interactions between lichens, and poor variable selection.  Palmer (1993) emphasized that 
despite the large amount of noise in abundance data, CCA is still has tremendous utility 
in determining the most important species-environmental interactions.    
 
Meso and Micro-scale Variation: Individual Species Response 
In support of Hypothesis 4, variation in the abundance of individual lichen species 
was largely explained by the same variables that were important at the community level; 
however, NPMR revealed a host of microhabitat variables that also helped define the 
intricate niches of individual lichens on granite rock, such as rock smoothness, micro-
configuration, substrate complexity, crystal size and crack presence, which had not been 
tested in previous studies.  The species that responded strongly to these habitat variables 
were generally small lichens that had intimate contact with the rock substrate (e.g. 
Acarospora fuscata).  Two other microhabitat variables, micro-slope and micro-aspect 
were able to detect microclimates which were distinct from areas within several 
centimeters.  Species that were strongly correlated to micro-slope were species that 
preferred shaded rock crevasses, vertical and/or inverted slopes (Chyrsothrix 
candelarelis).  Aspect measured on a scale of centimeters (micro-aspect) was a better 
predictor of lichen flora than aspect measured for the entire slope (scale of meters to 10s 
of meters) at several sites, although aspect on a scale of meters to 10s of meters was 
generally a more important predictor of lichen community patterns.   
 A niche has been defined as an n-dimensional hyperspace (Hutchinson 1957) and 
it appears that n varies among species.  Species with only one important niche dimension 
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had more variation explained by the data (higher R²) than did species with multiple 
important variables (see tables 7 and 8).  Some species that are regarded as “specialist” 
responded to one variable; Ramalina intermedia (direct sunlight) and Arctoparmelia 
centrifuga (aspect/slope index), while others respond to multiple habitat variables; 
Ephebe lanata (height above lakeshore, aspect/slope index and smoothness) and 
Dimelaena oriena (smoothness, direct sunlight, crystal size).  The concept of niche can 
be expanded beyond the habitat variables measured in this study and include specialty 
adaptations that can only be measured by studying characteristics of individual lichens 
(Whitaker 1973).  For example, Umbilicaria muehlenbergii and Lasallia papulosa were 
found to have similar habitat preferences in my study, both preferred steep north-facing 
exposures.  Larsen (1984) found that these two species preferred to use different forms of 
water (large rain drops for L. papulosa and runoff for U. muehlenbergii), which enabled 
them to partition water while living in the same habitat.   
          Previous researchers have suggested that biotic interactions are more important 
than abiotic environmental variables at fine scales (Reed at al. 1993, Bjelland 2003).  It 
was observed that Diploschites scruposus would commonly overgrow Lepraria neglecta.  
This interaction was observed at nearly every site.  Diploschites scuposus was almost 
never found where L. neglecta did not occur.  Similarly, at lakeshore sites Lecidea 
tessalata was often found growing within the thallus of Asplicilia cinerea.  Species 
interactions at fine scales were suggested as important in structuring communities by 
Dale and John (1999).  Competition at the micro-scale is likely an important factor in 
describing lichen community variation (Hawksworth and Chater 1979, Pentecost 1980, 
Woolhouse et al. 1985), however, fine scale processes are less important as predictors of 
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abundance in saxicolous lichen communities.  The major environmental forces that shape 
saxicolous lichen communities, such as solar radiation and community level disturbance 
(i.e., direct lake affects and fire) act outside the rock itself and their differential affects on 
the rock surface are the main structuring force in the community. 
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SUMMARY 
 
 
  At a macro-scale of several kilometers it was shown that two habitats, granite 
bedrock lakeshore and granite bedrock glades, which are subjected to different climatic 
conditions and disturbance regimes, were distinct for lichens. Distance between sites 
accounted for some of the differences between lakeshore sites, but not for inland sites.  
Differences between inland sites are perhaps best explained by past disturbance, although 
more research is needed to determine how fires and other disturbances impact lichen 
communities on rock.  Although often blurred by past disturbance, different habitats 
produced lichen assemblages that have distinct distribution patterns. 
 At a scale of meters (meso-scale) abiotic environmental variables were found to 
be important predictors of lichen community composition, especially aspect/slope index, 
height above Lake Superior, and solar radiation.  Micro-scale (cm) environmental 
variables were important for certain species; with rock overhangs, cracks, quartz veins, 
rock texture, and other subtle features providing important niches for some lichens.  
Competition via overgrowth was observed for two lichen species, and such biotic 
interactions may also play an important role at this scale. 
 Arctic-boreal lichens may be able to persist in this region long after the warming 
climate takes its toll on other taxa based on the very slow turnover rates and slow 
extinction rates of lichens (Armesto and Contreras 1999).  Conversely, some boreal 
affiliated lichens may also disappear quickly due to their high sensitivity to microclimate. 
The most susceptible may be the faster growing fruticose and foliose lichens, which have 
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shorter life spans and higher turnover than long lived crustose species.  Future monitoring 
should be continued on lichens of the Lake Superior region by revisiting previously 
inventoried sites. 
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Table 1.  Habitat variables measured at different scales 
microscale (cm’s), mesoscale (1s-10s of m), macroscale (1s -
10s of km). 
Microscale Mesoscale Macroscale 
slope configuration slope lakeshore vs. inland 
substrate complexity aspect inter-site distance 
smoothness aspect/slope index 
 rock type direct sunlight 
 bare rock diffuse sunlight 
 crystal size canopy openness 
 microslope convexity 
microaspect *height above lake 
 
water track 
 cracks 
 
*cyanobacteria 
moss 
*denotes variables measured only at lakeshore sites 
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Table 2.  Definitions and descriptions of habitat variables at three different scales and 
descriptions of each variable. 
Habitat variable Description 
Microscale variables 
microconfiguration An index of convexity/concavity measured at a scale of 75 cm. See figure 
2 for description. 
rock texture A percentage of a 16 cm² area of rock in the plot. Chalk was rubbed   
over the area and the percent chalk cover was estimated. 
rock type Each plot  was characterized as  felsic (pink in color and rich in silica and 
 oxygen) or mafic (very dark in color and rich in heavier elements, e.g. 
 magnesium).  
crystal size The rock at each plot was categorized as aphanitic (<1 mm), phaneritic 
(1-10 mm), pegmatitic (>10 mm).  
cracks Presence or absence of a crack(s) that traversed the plot. 
microaspect The exact degree azimuth facing away from each plot measured with a 
compass. 
microslope The slope of the rock (in degrees) across the plot measured with a 
clinometer. 
substrate complexity An index of variation/heterogeneity at the plot scale. A metal neckless chain 
was laid across the 20-cm plot, allowing it  to conform with the 
topographic relief.  Two measurements were taken at right angles across 
the plot. This sum was subtracted from 40 cm (direct distance across the 
plot x2) 
moss Presence or absence of moss in the plot. 
cyanobacteria The percent abundance of cyanobacteria (Gleocapsa sp.) was noted at 
each plot (found only at lakeshore sites). 
bare rock Percent of bare rock in each plot. 
water track Presence or absence of a trough with noticeable signs of water drainage.  
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Table 2. Continued. 
Habitat variable Description 
Mesoscale Variables 
slope The slope (in degrees) of the entire hillside measured with a clinometer. 
This variable was generally measured once per transect unless the slope of 
the rock changed significantly, in which case the slope was measured two 
or more times. 
aspect Direction (in degrees) facing away from each transect; generally pertaining 
to the whole hillside. 
aspect/slope index Index of solar radiation involving slope and aspect.  The scores ranged 
from -3 to 3, with steep north facing slopes receiving the highest scores 
and steep south facing slopes receiving the lowest scores.  Scores were 
given for each slope; (1 = 0-15⁰), (2 = 16-30⁰), (3 = 31-90⁰).  These scores 
were multiplied by the cosine of the aspect for each plot (Jenkins and 
Pallardy 1993) 
direct sunlight Cumulative direct radiation (Mols m² per day) from May 1 to November 1 
calculated using Gap Light Analyzer version 2.0 (Fraser et al. 1999).   
Hemispherical photographs were taken at 50 cm above the plot with a 
Nikon 990 equipped with a FC-E8 fisheye converter.   
diffuse sunlight Cumulative diffuse radiation (Mols m² per day) from May 1 to November 
1 calculated using Gap Light Analyzer version 2.0 (Fraser et al. 1999).   
Hemispherical photographs were taken at 50 cm above the plot with   
a Nikon 990 equipped with a FC-E8 fisheye converter.     
canopy openness Percent of open sky at each plot with canopy trees fully leaved out  
calculated using GLA (Fraser et al. 1999).  Hemispherical photographs 
were taken at 50 cm above the plot with a Nikon 990 equipped with a FC-E8 
fisheye converter. 
mesoconfiguration An index of convexity measured at a scale of one meter. See figure 2 for 
description. 
height above lake The distance above mean lake level in meters at each plot (only   
measured at lakeshore sites).  Mean lake level was 183.4 meters. 
Macroscale Variables 
distance between sites Measured in km for sites within lakeshore and inland habitats. 
lakeshore vs. inland Each site was designated as being along the lakeshore or inland. 
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Table 3. Diversity measures for lakeshore and inland sites. 
   
Lakeshore 
       
Inland 
Species Richness 70 59 
Number species per site  39.4 ± 4.2   29.1± 6.8 
Jackknife estimate 1st order 81 72 
Jackknife estimate 2nd order 86 80 
Species w/ 1 occurrence 10 13 
Species w/ 2 occurrences 5 2 
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Table 4.  Average cover (%) and frequency (freq.) of occurrence (% of plots in which a species occurred) for three zones: 
lower splash zone (n = 240), upper splash zone (n = 190) and terrestrial zone (n = 210) in granite bedrock lakeshore with 
respect to height above Lake Superior.  Bold faced values correspond to the “characteristic” zone for species as determined 
from CCA, DCA and raw values.  Species codes correspond to those used in ordination diagrams. 
Zone species Lower Splash Zone Upper Splash Zone Terrestrial Zone  
species code freq. % cover   freq. % cover   freq. % cover 
Lower Splash Zone (0-2 m) 
 *Staurothele fissa Taylor Strfis 32.1 4.02 ± 9.81 5.8 0.64 ± 3.77 0.4 0.24 ± 3.45 
*Lecidea tessalata Flörke Lectes 26.3 0.33 ± 3.11 16.3 1.33 ± 4.11 13.3 2.62 ± 9.59 
*Pyrenopsis polycocca Nyl. Tuck Pyrpol 23.7 1.52 ± 4.04 17.9 2.18 ± 7.59 3.8 0.63 ± 5.72 
*Dermatocarpon luridum (With.) J.R. Laundon Derlur 10.6 0.22 ± 0.85 2.5 0.06 ± 0.53 0 0 
*Collema undulatum Lauer ex Flowtow Colund 2.1 0.04 ± 0.28 0 0 0 0 
*Umbilicaria hyperborea (Acg.) Hoffm. Umbhyp 1.1 0.05 ± 0.46 0.8 0.01 ± 0.32 0 0 
Upper Splash Zone (2.1-4.5 m) 
*Rhizocarpon disporum (Nageli ex Hepp) Müll. Arg. Rhidis 21.6 2.81 ± 7.74 73.8 11.81 ± 14.08 55.8 9.11 ± 13.82 
Rhizocarpon geographicum (L.) DC. Rhigeo 12.6 1.21 ± 5.07 39.2 3.00 ± 7.21 12.1 0.57 ± 4.91 
Phaeophyscia sciastra (Ach.) Moberg Phasci 13.7 0.91 ± 3.93 39.2 2.96 ± 7.89 17.5 1.06 ± 3.62 
*Rhizocarpon chrysoleuca (Sm.) Zopf Rhichr 4.2 0.25 ± 1.86 27.9 1.39 ± 3.69 19.2 1.07 ± 3.99 
Lecidella stigmatea (Ach.) Hertel and Leuckert Lecsti 6.8 0.73 ± 4.99 20 1.63 ± 5.42 17.9 1.95 ± 6.20 
Lecanora muralis (Schaerer) Rabenh. Lecmur 8.4 0.40 ± 2.39 17.1 0.79 ± 2.31 11.3 0.33 ± 1.04 
*Xanthoria elegans (Link) Th. Fr. Xanele 8.4 0.31 ± 1.66 13.8 0.49 ± 2.27 3.3 0.30 ± 2.17 
*Caloplaca arenaria (Pers.) Müll Arg. Calare 6.3 0.12 ± 0.61 13.3 0.22 ± 0.79 6.7 0.09 ± 0.46 
*Lecanora argopholis (Ach.) Ach Lecarg 4.2 0.45 ± 3.80 12.5 2.31 ± 8.94 9.2 1.11 ± 4.67 
Lecidea atrobrunnea (Ramond ex Lam.) DC. Lecatr 1.1 0.03 ± 0.31 5.8 1.12 ± 5.97 2.9 0.44 ± 3.59 
*Ephebe lanata (L.) Vainio Ephlan 1.1 0.06 ± 0.57 5.1 0.22 ± 1.14 1.3 0.01 ± 0.12 
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Table 4. Continued. 
Zone species Lower Splash Zone Upper Splash Zone Terrestrial Zone  
species code freq. % cover   freq. % cover   freq. % cover 
Terrestrial Zone (4.6-9.6 m) 
Xanthoparmelia somloënsis (Gyelnik) Hale Xansom 1.6 0.03 ± 0.27 27.9 5.31 ± 13.01 47.5 11.07 ± 17.43 
Lepraria neglecta (Nyl.) Erichsen Lepneg 1.1 0.02 ± 0.16 18.8 1.05 ± 4.02 36.7 2.88 ± 6.47 
Umbilicaria deusta (L.) Baumg. Umbdeu 0 0 13.7 1.22 ± 5.15 33.3 3.2 ± 6.96 
Acarospora fuscata (Schrader) Arnold Acafus 2.1 0.06 ± 0.44 10.8 0.27 ± 0.92 30 1.24 ± 3.03 
Umbilicaria muhlenbergii (Ach.) Tuck Umbmuh 0 0 4.1 0.23 ± 1.60 22.1 3.50 ± 9.14 
* Physcia phaea (Tuck.) J. W. Thomson Phypha 0.5 0.01 ± 0.07 4.2 0.24 ± 1.49 12.5 0.85 ± 4.39 
Diploshites scruposus (Schreber) Norman Dipscr 0 0 5 0.21 ± 1.46 11.7 0.46 ± 1.46 
Lecanora polytropa (Hoffm.) Rabenh. Lecpol 0.5 0.01 ± 0.01 2.9 0.46 ± 4.18 11.3 0.51 ± 1.94 
Rhizocarpon grande (Flörke ex Flotow) Arnold Rhigra 0.5 0.26 ± 3.63 3.3 0.99 ± 5.96 8.3 2.04 ± 9.52 
Melanelia disjuncta (Erichsen) Essl. Meldis 0.5 0.03 ± 0.44 2.9 0.12 ± 1.02 7.9 0.33 ± 1.71 
Xanthoparmelia plitti (Gyelnik) Hale Xanpli 0 0 3.8 0.95 ± 5.86 7.9 2.38 ± 9.41 
Parmelia saxatilis (L.) Arch Parsax 0 0 1.3 0.08 ± 0.77 7.5 1.33 ± 6.40 
Stereocaulon saxatile H. Magn. Stesax 0 0 2.1 0.06 ± 0.48 6.3 0.19 ± 0.85 
Lasallia papulosa (Ach.) Llano Laspap 0 0 0 0 5 0.46 ± 2.84 
Cladonia squamosa Hoffm. Clasqu 0 0 1.7 0.02 ± 0.20 4.6 0.22 ± 1.52 
Physcia subtilis Degel. Physub 0 0 2.5 0.38 ± 3.32 4.2 0.27 ± 1.98 
Rhizoplaca subdecipiens (Nyl.) R. Sant. Rhisub 0 0 3.3 0.10 ± 0.60 4.2 0.31 ± 1.99 
Rhizocarpon obscuratum (Ach.) A. Massal. Rhiobs 0 0 0 0 3.8 0.21 ± 1.18 
Dimenela oriena (Ach.) Norm. Dimori 0 0 2.5 0.16 ± 1.24 2.9 0.31 ± 1.79 
Stereocaulon dactylophyllum Flörke Stedac 0 0 0 0 2.1 0.07 ± 0.54 
Melanelia soridiata (Ach.) Goward and Ahti Melsor 0 0 0.8 0.02 ± 0.23 2.1 0.09 ± 0.71 
Xanthoparmelia conspersa (Ehrh. Ex Ach.) Xancon 0 0 0 0 1.7 0.13 ± 1.41 
Ramalina intermedia Nyl. Ramint 0 0 0 0 1.7 0.43 ± 5.53 
*Fuscopannaria leucophaea (Vahl.) P.M. Jørg. Fusleu 0.5 0.01 ± 0.07 1.3 0.05 ± 0.52 1.7 0.09 ± 0.7 
Physcia sp. no. 2 Physp. 0 0 1.3 0.03 ± 0.24 1.7 0.11 ± 0.98 
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Table 4. Continued. 
 
Zone species Lower Splash Zone Upper Splash Zone Terrestrial Zone  
species code freq. % cover   freq. % cover   freq. % cover 
Parmelia sulcata Tayl. Parsul 0 0 0 0 1.3 0.04 ± 0.35 
*Lecanora allophana Nyl. Lecall 0 0 0.4 0.01 ± 0.01 1.3 0.05 ± 0.42 
Melanelia hepatizon (Ach.) Thell Melhep 0 0 0 0 0.8 0.05 ± 0.69 
Arctoparmelia centrifuga (L.) Hale Arccen 0 0 0 0 0.8 0.02 ± 0.22 
*Caloplaca flavovirescens (Wulf.) DT. And Sarnth. Calfla 0 0 0 0 0.8 0.01 ± 0.1 
*Leproloma membranaceum (Dicks.)Vainio Lepmem 0 0 0 0 0.8 0.24 ± 2.84 
Xanthoparmelia cumberlandia (Gyelnik) Hale Xancum 0 0 0 0 0.4 0.01 ± 0.14 
Porpidia albocaerulescens (Wulfen) Hertel Poralb 0 0 0 0 0.4 0.03 ± 0.41 
Flavoparmelia caperata Hale Flacap 0 0 0 0 0.4 0.02 ± 0.28 
*Melanelia infumata (Nyl.) Essl. Melinf 0 0 0 0 0.4 0.28 ± 4.14 
Generalist 
Rhizocarpon lecanorinum Anders Rhilec 0 0 2.1 0.17 ± 2.27 1.7 0.02 ± 0.15 
*Dermatocarpon miniatum (L.) Mann Dermin 1.6 0.04 ± 0.34 2.1 0.08 ± 0.60 1.3 0.09 ± 0.81 
Asplicilia cinerea (L.) Körber Aspcin 8.9 1.99 ± 8.55 50.8 9.92 ± 15.73 51.7 14.81 ± 19.22 
Candelariella vitellina (Hoffm.) Müll. Arg. Canvit 15.3 0.27 ± 0.86 56.3 1.47 ± 1.97 52.9 1.39 ± 1.83 
Asplicilia contorta (Hoffm.) Kremp. Aspcon 1.6 0.39 ± 3.17 7.1 0.67 ± 3.54 6.7 0.77 ± 3.67 
Porpidia crustulata (Ach.) Hertel and Knoph Porcru 3.7 0.73 ± 4.79 9.6 1.40 ± 6.13 7.1 3.67 ± 3.9 
Cladonia chlorophaea (Flörke ex. Sommerf.) Clachl 0 0 0.8 0.07 ± 0.26 1.3 0.04 ± 0.35 
*Umbilicaria americana Poelt and T. Nash Umbame 0 0   0.8 0.26 ± 3.88   1.3 0.03 ± 0.26 
Species with few occurrences were not included in this table due to a limited sample but some of them still showed preferences to particular zones.  
Lecidea macrocarpa (DC.) Steud was found only in the lower splash zone while, unk brown crust, unk olive crust, unk green foliose, Lecidea sp. no. 2, 
unk gray crust and unk gray crust no. 2 were found only in the Upper Splash Zone.  Unk crust no. 2 and unk green crust were found in the terrestrial 
zone.  *denotes species that were only found in lakeshore habitats.   
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Table 5.   Average cover (%) and frequency (freq.) of occurrence (% of plots in which a species occurred)  
for each zone; xeric (n = 159) and mesic (n = 139).  Bold faced values correspond to the “characteristic”  
zone for each species as determined from DCA, CCA and raw values.  Zones were based on aspect/slope  
index scores.  Species codes correspond to those used in ordination diagrams and the codes not included 
 are introduced in table 4. 
Zone species  
  
Xeric 
    
Mesic 
species code freq. % cover   
 
freq. % cover 
Xeric   
Rhizocarpon grande 77.5 14.44 ± 16.23 33.1 2.18 ± 5.90 
Acarospora fuscata 71.3 2.74 ± 2.97 41.7 1.58 ± 2.72 
Rhizocarpon lecanorinum 66.9 2.91 ± 4.94 37.4 1.56 ± 5.92 
Xanthoparmelia somloënsis 60.1 14.44 ± 19.57 51.1 7.36 ± 13.41 
Asplicilia cinerea 48.8 8.66 ± 15.41 33.1 4.84 ± 10.83 
Xanthoparmelia plitti 36.9 11.83 ± 10.96 19.4 3.57 ± 11.91 
Diploschites scuposus 33.8 0.001 ± 2.85 2.7 1.31 ± 2.91 
Lecanora polytropa 19.4 1.34 ± 5.16 7.2 0.13 ± 0.65 
Stereocaulon saxatilis 17.5 0.43 ± 1.26 5.8 0.18 ± 0.84 
Rhizoplaca subdiscrepans (Nyl.) R.Sant Rhisub 15.2 1.21 ± 4.31 2.9 0.16 ± 1.21 
Candelariella vitellata 15.1 0.19 ± 0.73 0 0 
Dimenela oriena 9.4 1.09 ± 6.83 0.7 0.09 ± 1.02 
*Umbilicaria virginis Schaerer 9.4 0.89 ± 5.15 0 0 
Physcia subtilis  4.4 15.63 ± 1.08 0 0 
Phaeophyscia sciastra 2.5 0.04 ± 0.29 0 0 
Xanthoparmelia cumberlandia 0.6 0.38 ± 4.74 0 0 
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Table 5. Continued. 
Zone species    Xeric     Mesic 
species code freq. % cover   
 
freq. % cover 
Mesic 
Umbilicaria deusta 56.3 4.41 ± 8.85 66.2 11.76 ± 16.31 
Umbilicaria muehlenbergii 16.9 1.18 ± 4.15 22.3 5.28 ± 16.60 
Rhizocarpon obscruatum 1.9 0.07 ± 0.55 20.1 1.40 ± 4.67 
Cladonia squamosa 8.8 0.21 ± 1.13 19.4 0.54 ± 1.45 
Stereocaulon dactylophyllum 2.5 0.11 ± 0.86 11.5 0.45 ± 1.46 
Lasalia papulosa 0 10.8 1.23 ± 5.37 
Acrtoparmelia centrifuga 0.6 0.16 ± 1.98 10.8 3.96 ± 13.01 
Porpidia crustulata 1.3 0.09 ± 0.96 10.1 0.96 ± 4.31 
Melanelia soridiata 5.6 0.09 ± 0.43 5.1 0.15 ± 0.84 
unk endolith 1.3 0.04 ± 0.33 4.3 0.26 ± 1.38 
Parmelia saxatilis 6.9 0.03 ± 0.64 2.9 0.18 ± 1.57 
Melanelia hepatizon 0 2.9 0.27 ± 1.73 
*Umbilicaria mammulata (Ach.) Tuck. Umbmam 0 1.4 0.12 ± 1.10 
Asplicilia contorta 0.6 0.08 ± 0.95 1.4 0.15 ± 1.37 
*Cladina mitis (Sandst.) Hustich Clamit 0 1.4 0.01 ± 0.09 
*Bryoria furcellata (Fr.) Brodo and D. Hawksw. Bryfur 0 1.4 0.01 ± 0.09 
*Hypogymnia physoides (L.) Nyl. Hypphy 0 1.4 0.53 ± 5.27 
*Chrysothrix candelaris (L.) J. R. Laundon Chrcan 0 0.7 0.01 ± 0.08 
*Lepraria lobificans Nyl. Leplob 0 0.7 0.02 ± 0.25 
Lecidella stigmatea  0 0.7 0.14 ± 1.69 
Ramalina intermedia  0 0.7 0.11 ± 1.27 
*Platismatia glauca (L.) Culb. And C. Culb Plagla 0 0.7 0.01 ± 0.17 
*Flavoparmelia caperata (L.) Hale Flacap 0 0.7 0.09 ± 1.02 
Parmelia sulcata 0 0.7 0.04 ± 0.51 
Aspicilia sp. 2 0 0.7 0.29 ± 3.39 
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Table 5. Continued. 
 
Zone species    Xeric     Mesic 
species code freq. %  cover   
 
freq. % cover 
generalist 
Melanelia disjuncta  17.5 0.42 ± 1.31 19.4 0.85 ± 2.57 
Cladonia chlorophaea 1.9 0.07 ± 0.08 2.9 0.04 ± 0.22 
Lecanora atrobrunnea 6.9 0.93 ± 5.60 7.8 0.61 ± 3.74 
Mycoblastus sanguinarius (L.) Norman Mycsan 1.3 0.08 ± 0.67 0.7 0.01 ± 0.17 
Acarospora sp. No. #1 3.8 0.25 ± 1.43 0.6 0.25 ± 1.12 
Lepraria neglecta   73.1 4.15 ± 4.15   71.2 8.87 ± 13.71 
 
The species with few occurrences were not included in this figure are Xanthoparmelia lineola, Lecidea sp. and Lecanora sp., unk gray crust, unk crust 
no. 3, unk brown crust. Other species found in inland sites that were not found on mesic or xeric locations are Lecanora muralis, 
Porpidia albocaerulescens, unk black crust, unk crust no. 1, Xanthoparmelia conspersa and  Rhizocarpon geographicum.  
* denotes species only found in inland sites. 
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Table 6.  CCA analysis conducted on lakeshore and inland sites.  The correlation 
coefficients are shown for each variable in the analysis along the first two axes. 
  Lakeshore Sites Inland Sites 
Environmental 
Variable   Axis 1    Axis 2   Axis 1   Axis 2 
Height Above Lake 0.472 0.253       NA       NA 
Canopy Openness 0.019 -0.402 0.257 0.127 
Direct Sunlight 0.131 -0.539 0.375 -0.465 
Diffuse Sunlight 0.016 -0.458 0.276 -0.541 
Total Sunlight 0.091 -0.505 0.288 -0.385 
Slope 0.009 0.146 -0.415 0.336 
Microslope 0.063 0.349 -0.366 0.358 
Aspect -0.043 0.259 -0.585 -0.381 
Aspect/Slope Index -0.005 0.248 -0.654 -0.298 
Microaspect -0.148 0.211 -0.541 -0.421 
Smoothness -0.258 0.296 0.313 0.076 
Convexity 0.078 0.055 0.107 0.267 
Microconvexity 0.009 -0.079 0.076 0.152 
Substrate Complexity -0.102 0.058 -0.102 0.136 
Moss -0.031 -0.059 -0.268 -0.194 
Bare Rock -0.373 0.016 -0.125 -0.336 
Cyanobacteria -0.521 -0.022       NA        NA 
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Table 7.  The most important variables for each species in inland sites as determined by nonparametric multiplicative 
regression in HyperNiche.  Rare species could not be analyzed in HyperNiche and were omitted from the analysis.  Only the 
most important variables were included and variables that correlated strongly with each other were lumped together as one. 
ASSL = aspect/slope index and includes aspect and slope, SMO = smoothness, MSL = microslope, SUN = direct sunlight and 
includes canopy openness, diffuse sunlight and total sunlight, MAS = microaspect, MCON = microconfiguaration, MOSS = 
presence of moss in the plot, ROCK = rock type, CRYS = crystal size, CRA = presence of cracks.  Additional microhabitat 
variables were omitted from the analysis. * Denotes the most important predictor for each species.  Species with low R² values 
were included to show patterns in variable preferences.  
 Species   ASSL SUN MSL SMO MAS MOSS ROCK CRYS CRA        xR² 
Acarospora fuscata x*       0.06 
Arctoparmelia centrifuga x* 0.57 
Acarospora sp. no. 1 x* x 0.47 
Canderiella vitellata x* x x 0.07 
Cladonia squarosa x* x x 0.10 
Lasallia papulosa x* 0.35 
Lecidea sp. no. 1 x* x x 0.41 
Lecanora polytropa x* x x 0.05 
Rhizocarpon grande x* x x 0.15 
Rhizocarpon obscuratum x* x 0.06 
Umbilicaria virginis x* 0.13 
Xanthoparmelia cumberlandii x* x 0.06 
Xanthoparmelia plitti x* x 0.11 
Xanthoparmelia somloënsis x* x 0.08 
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Table 7. Continued. 
 Species   ASSL SUN MSL SMO MAS MOSS ROCK CRYS CRA        xR² 
Lecidea atrobrunnea x x* 0.12 
Melanelia soriediata x* 0.19 
Stereocaulon saxatalis x* x x 0.04 
Umbilicaria deusta x x* x 0.16 
Melanelia disjuncta x x* x 0.07 
Physcia subtilis x x* 0.05 
Dimelaena oriena x x* x 0.21 
Xanthoparmelia conspersa x* x 0.21 
Asplicilia cinerea x x 0.13 
Lepraria neglecta x     x x x*       0.25 
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Table 8.  Most important variables for each species in lakeshore sites as determined by nonparametric multiplicative regression 
in HyperNiche.  Rare species could not be analyzed in HyperNiche and were omitted from the analysis.  Only the most 
important variables were included and variables that correlated strongly with each other were lumped together as one.  LKHT 
= height above Lake Superior and includes cyanobacteria and bare rock), ASSL = aspect/slope index and includes aspect and 
slope, SMO = smoothness, CON = mesoconfiguration, MSL = microslope, SUN = direct sunlight and includes canopy 
openness, diffuse sunlight and total sunlight, MAS = microaspect, MCON = microconfiguaration.  Additional microhabitat 
variables were omitted from the analysis.  * Denotes the most important predictor for each species. Species with low R² values 
were included to show patterns in variable preferences.  
 Species LKHT ASSL SMO CON  MSL SUN MAS MCON xR² 
Acarospora fuscata x* 0.16 
Asplicilia cinerea x* x 0.20 
Caloplaca arenaria x* x 0.14 
Lasalia papulosa x* x x 0.65 
Lecanora argopholis x* x 0.06 
Lecidea tessalata x* x 0.16 
Lepraria neglecta x* x 0.19 
Parmelia saxatalis x* x 0.29 
Rhizoplaca chrysoleuca x* x 0.05 
Rhizocarpon disporum x* 0.19 
Rhizocarpon geographicum x* x 0.09 
Rhizocarpon grande x* 0.20 
Stauroothele fissa x* x 0.26 
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Table 8 (continued). 
 Species LKHT ASSL SMO CON  MSL SUN MAS MCON xR² 
Stereocaulon saxatile x* 0.05 
Umbilicaria muehlenbergii x* 0.18 
Diploschites scruposus x x* 0.06 
Lecidea atrobrunnea x x* 0.17 
Lecanora polytropa x* x 0.05 
Rhizoplaca subdiscrepans x x* 0.05 
Xanthoparmelia plittii x x* x 0.41 
Xanthoparmelia somloënsis x x* x 0.32 
Melanelia disjuncta x* x 0.65 
Physcia subtilis x* x x 0.66 
Pyrenopsis polycocca x* x 0.19 
Xanthoria elegans x* x 0.57 
Canderiella vitellta x x x* 0.27 
Dimenelaena oreina x* 0.24 
Ephebe lanata x x x* 0.23 
Lecanora muralis x x* 0.15 
Physcia sciastra x* 0.66 
Dermatocarpon luridum x x* x 0.45 
Leproloma membranaceum x* x 0.10 
Dermatocarpon miniatum x x* 0.13 
Physcia phaea x x* 0.14 
Ramalina intermedia           x*     0.99 
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Figure 1.  Map of the study area. The site abbreviations are as follows (sites are listed 
clockwise from top): GP = Granite Point, SH = Sauk Head, TP = Thoney’s Point, LP = 
Little Presque, WN = Wetmore North, WS = Wetmore South, GC = Granite Cove, PG = 
Pine Glade, BB = Big Blue, PE = Pine Elfin, HA = Harlow, HO = Hogback, HK = 
Harkin, EL = Echo Lake, BL = Blemhuber, RE = Remmington.    
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Figure 2.  Rock configuration was measured at two scales: micro (75 mm) and meso (1 
m).  At each plot A2 was centered in the middle of the plot and the configuration was 
measured parallel and perpendicular to the slope.  The formula for the configuration is 
(A1 + A3 / 2) - A2.  Each plot had two configuration values which were added together.  
In the example above the configuration score would be (0 + 0 / 2) - 5 =  -5 for the top 
figure, ( 5 + 5 / 2) - 0 =  5 for the middle figure and ( 0 + 2 / 2) - 2 =  -1 for the bottom 
figure.  Concave areas have negative values and convex areas have positive values.  
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Figure 3a.  DCA analysis of all sites showing groupings based on species assemblages. 
Raw scores are given on each axis. Every 300 units equals complete species turnover.  
Inland 
Lakeshore 
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Figure 3b.  DCA output showing the plot ordination of lakeshore (dark triangles) and the 
inland sites (hollow circles).  Scaling was min to max. Approximate break points for the 
lower (0-2 m above mean lake level) and upper splash zone (2.1-4.5 m) given by the 
dashed line.  The terrestrial zone plots of the lakeshore are mixed with the inland plots on 
the left side.  The only plots in the inland zone that are clearly separated from the 
lakeshore plots are the shaded mesic aspects which are separated by a dashed line on the 
upper left. 
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Upper Splash Zone 
Inland                                             
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58 
 
 
Figure 4a.  Regression of PSI vs. distance (km) for all pair-wise comparisons between 
inland sites.  The regression was not statistically significant F = 0.545; df = 1, 26;  p = 
0.467.  
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Figure 4b.  Regression of PSI vs. distance (km) for all pair
lakeshore sites.  The regression was
0.007. 
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-wise comparisons 
 statistically significant F = 8.55: df  = 
r² = 0.2474
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Figure 5a.  CCA analysis for inland sites.  The eigenvalues along the first 2 axes were 
0.328 and 0.221 respectively, which accounted for 4.2 % of the species-environmental 
variation.  The first axis was statistically significant p = 0.007.  Scaling was min to max.  
Species codes are the first 3 letters of the genus and the first 3 letters of the epithet; codes 
and full scientific names are given in tables 4 and 5. 
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Figure 5b.  CCA analysis for lakeshore sites.  The eigenvalues for the first 2 axes were 
0.435 and 0.288 respectively which accounted for 4.2% of the species-environmental 
variation in the data.  The correlation along the first axis was statistically significant p = 
0.006.  Scaling was min to max.  Species codes are the first 3 letters of the genus and the 
first 3 letters of the epithet; codes and full scientific names are given in table 4. 
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Figure 6.  CCA analysis for two inland sites: Echo Lake (left) and Hogback (right).  The eigenvalues for first 2 axes at Echo 
Lake 0.345 and 0.267, respectively, accounted for 18.4 % of the species-environmental variation.  The first axis was 
statistically significant (p = 0.02) using a Monte Carlo randomization test.  The eigenvalues for the first two axes at Hogback 
were 0.594 and 0.410, respectively, accounted for 15.6% of the species-environmental variation.  A Monte Carlo   
randomization test revealed that first axis was statistically significant (p = 0.001).  
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Figure 7.  CCA analysis for two lakeshore sites: Wetmore South (left) and Little Presque (right).  The eigenvalues for the first 
two axes at Wetmore South 0.640 and 0.508, respectively, accounted for 12.2% of the species-environmental variation.  The 
first axis was statistically significant (p = 0.025) using a Monte Carlo randomization test.  The eigenvalues for the first two 
axes at Little Presque were 0.729 and 0.656, respectively, accounted for 14.3% of the variation in the data.   A Monte Carlo   
randomization test revealed that the first axis was statistically significant (p = 0.033).  Species codes are the first 3 letters of the 
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genus and the first 3 letters of the epithet; codes and full scientific names are given in table 4.  As observed from the figures 
above, the variables smoothness and cyanobacteria abundance are opposite height above the lake reflecting the greater 
abundance of cyanobacteria near the water level and the smoothness of the rock at the water level from wave related processes.  
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Figure 8.  Response curves to various environmental variables from local mean Gaussian models in HyperNiche for inland 
sites. 
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Figure 9.  Response curves to various environmental variables from local mean Gaussian models in HyperNiche for lakeshore   
sites. 
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Appendix A.  DCA ordination diagrams for all plots for lakeshore and inland sites. 
 
 
 
Figure A-1.  DCA ordination of all plots in the inland sites.  The above codes correspond 
with the following sites: 1 = Pine Elfin (pine), 2 = Blemhuber (oak), 3 = Hogback 
Mountain (Pine), 4 = Harlow Lake (pine), 5 = Harkin Lake (pine), 6 = Remmington 
(oak), 7 = Echo lake (oak), 8 = Big Blue (pine). 
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Appendix A.  Continued 
 
 
Figure A-2.  DCA ordination of all plots in the Lakeshore sites.  The codes above 
correspond to the following sites: 1 = Wetmore North, 2 =  Sauk Head, 3 = Granite Cove, 
4 = Granite Point, 5 = Thoney’s Point, 6 = Little Presque Isle, 7 = Wetmore South, 8 = 
Pine Glade. 
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Appendix B.  CCA ordination diagram for plots with sites.  Species codes are the first 3 
letters of the genus and the first 3 letters of the epithet; codes and full scientific names are 
given in tables 4 and 5. 
 
Figure B-1.  CCA for Echo Lake.  The eigenvalues for axis’s 1 and 2 are 0.345 (10.4%) 
and 0.267 (8.0%).  The p-value for the Monte Carlo randomization test of the first axis is 
0.02.  The r² cutoff was 0.600.   
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Appendix B.  Continued 
 
 
 
Figure B-2.  CCA analysis for Big Blue.  The eigenvalues for axis’s 1 and 2 are 0.353 
(8.4%) and 0.276 (6.6%).  The p-value for the Monte Carlo randomization test of the first 
axis is 0.076.  The r² cutoff was 0.600.   
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Appendix B.  Continued. 
 
 
Figure B-3.  CCA analysis for  Pine Elfin.  The eigenvalues for axis’s 1 and 2 are 0.555 
(9.4%) and 0.376 (6.4%).  The p-value for the Monte Carlo randomization test is 0.025.  
The r² cutoff was 0.400.   
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Appendix B.  Continued. 
 
 
Figure B-4.  CCA analysis for Blemhuber.  The eigenvalues for axis’s 1 and 2 are 0.721 
(13.6%) and 0.415 (7.9%).  The p-value for the Monte Carlo randomization test is 0.018.  
The r² cutoff was 0.400.   
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Appendix B.  Continued. 
 
 
  
 
Figure B-5.  CCA analysis for Hogback.  The eigenvalues for axis’s 1 and 2 are 0.594 
(9.4%) and 0.410 (6.2%).  The p-value for the Monte Carlo randomization test of the first 
axis is 0.001.  The r² cutoff was 0.400.  
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Appendix B.   Continued. 
 
 
 
Figure B-6.  CCA analysis for Harlow.  The eigenvalues for axis’s 1 and 2 are 0.297 
(10.5%) and 0.197 (6.9%).  The p-value for the Monte Carlo randomization test of the 
first axis is 0.001.  The r² cutoff was 0.450.   
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Appendix B.  Continued. 
 
 
 
Figure B-7.   CCA analysis for Harkin.  The eigenvalues for axis’s 1 and 2 are 0.624 
(10.9%) and 0.389 (6.8%).  The p-value for the Monte Carlo randomization test of the 
first axis is 0.001.  The r² cutoff was 0.450.  
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Appendix B.   Continued. 
 
 
 
Figure B-8.  CCA analysis for Remmington.  The eigenvalues for axis’s 1 and 2 are 0.480 
(10.9%) and 0.258 (5.9%).  The p-value for the Monte Carlo randomization test of the 
first axis is 0.001.  The r² cutoff was 0.450.   
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Appendix B.  Continued. 
 
 
 
Figure B-9.  CCA analysis for Wetmore North.  The eigenvalues for axis’s 1 and 2 are 
0.497 (7.4%) and 0.282 (4.2%).  The p-value for the Monte Carlo randomization test of 
the first axis is 0.003.  The r² cutoff was 0.450 
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Appendix B.  Continued. 
 
 
   
Figure B-10.   CCA analysis for Sauk Head.  The eigenvalues for axis’s 1 and 2 are 0.662 
(8.4%) and 0.487 (6.2%).  The p-value for the Monte Carlo randomization test of the first 
axis is 0.003.  The r² cutoff was 0.450.   
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Appendix B.  Continued. 
 
 
 
Figure B-11.  CCA analysis for Granite Cove.  The eigenvalues for axis’s 1 and 2 are 
0.590 (7.0%) and 0.532 (6.3%).  The p-value for the Monte Carlo randomization test of 
the first axis is 0.03.  The r² cutoff was 0.350.   
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Appendix B.  Continued. 
 
 
 
Figure B-12.  CCA analysis for Granite Point.  The eigenvalues for axis’s 1 and 2 are 
0.746 (10.5%) and 0.506 (7.1%).  The p-value for the Monte Carlo randomization test of 
the first axis is 0.001.  The r² cutoff was 0.200.   
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Appendix B.  Continued. 
 
 
 
Figure B-13.  CCA for Thoney’s Point.  The eigenvalues for axis’s 1 and 2 are 0.756 
(8.6%) and 0.542 (6.1%).  The p-value for the Monte Carlo randomization test of the first 
axis is 0.001.  The r² cutoff was 0.400 
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Appendix B.  Continued. 
 
 
 
Figure B-14.  CCA for Little Presque.  The eigenvalues for axis’s 1 and 2 are 0.729 
(7.5%) and 0.656 (6.8%).  The p-value for the Monte Carlo randomization test of the first 
axis is 0.033.  The r² cutoff was 0.400.   
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Appendix B.  Continued. 
 
 
 
Figure B-15.  CCA for Wetmore South.  The eigenvalues for axis’s 1 and 2 are 0.640 
(6.8%) and 0.508 (5.4%).  The p-value for the Monte Carlo randomization test of the first 
axis is 0.025.  The r² cutoff was 0.300.   
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Appendix B.  Continued. 
 
 
 
 
Figure B-16.  CCA for Pine Glade.  The eigenvalues for axis’s 1 and 2 are 0.607 (7.3%) 
and 0.493 (5.9%).  The p-value for the Monte Carlo randomization test of the first axis is 
0.002. The r² cutoff was 0.300.   
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